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Doscriptlon 

[0001] The present invention relates to a liquid, radiation-curable composition which Is particularly suitable for the 
production of three-dimensional shaped articles by means of stereolithography, to a process for the production of a 
cured product and, in particular, for the stereolithographic production of a three-dimensional shaped article from this 
composition having a high heat deflection temperature. 

[0002] The production of three-dimensional articles of complex shape by means of stereolithography has been known 
for a relatively long time. In this technique the desired shaped article is built up from a liquid, radiation-curable com- 
position with the aid of a recurring, alternating sequence of two steps (a) and (b); in step (a), a layer of the liquid, 
radiation-curable composition, one boundary of which is the surface of the composition, is cured with the aid of appro- 
priate radiation, generally radiation produced by a preferabty computer-controlled laser source, within a surface region 
which corresponds to the desired cross-sectional area of the shaped article to be formed, at the height of this layer, 
and in step (b) the cured layer is covered with a new layer of the liquid, radiation-curabie composition, and the sequence 
of steps (a) and (b) is repeated until a so-called green model of the desired shape is finished. This greeri model is, in 
general, not yet fully cured and must therefore, normally, t>e subjected to post-curing. 

[0003] The mechanical strength of the green model (modulus of elasticity, fracture strength), also refenred to as green 
strength, constitutes an important property of the green model and is determined essentially by the nature of tiie ster- 
eolithographic-resin composition employed. Other important properties of a stereoiithographio-resin composition in- 
clude a high sensitivity for the radiation employed in the course of curing and a minimum curl factor, permitting high 
shape definition of the green model, in addition, for example, the precured material layers should be readily wettable 
by the liquid stereolithographic-resin composition, and of course not only the green model but also the ultimately cured 
shaped article should have optimum mechanical properties. 

[0004] Another requirement that has recently become a high priority for stereolithography users is the high temper- 
ature performance of cured articles produced by stereolithography. It Is usually measured by the Heat Deflection Tem- 
perature (HDT) or Glass Transition Temperature (Tg). The HDT value is determined by the ASTM method D648 applying 
a load of 66 psi. 

[0005] For several years, high temperature performance for stereolithography produced articles has been achieved 
by the use of (meth)acrylate chemistry. This approach primarily entails the use of various commercially available ure- 
tiiane acrylate derivatives. EP-802455 of Te^in Seild Corp. {October 22, 1997) and JP 08323886 of Takemoto Oil & 
Fat Co Ltd (December 10, 1996) describe acrylate urethane compositions for achieving good heat resistance and 
strength. However, a major disadvantage of such acrylate urethane compositions is that polymerization is hindered by 
atriKsspheric oxygen because polymerization is of a radical nature, that the cure shrinkage is unacceptably large, ttiat 
tiie resins are irritant to the skin, particularly when the viscosity is low (low viscosity is highly prefen^ for stereolithog- 
raphy applications). Thus, acrylate urethane-based compositions show poor practicality for stereolithography. 
[0006] Liquid, radiation-curable compositions for stereolithography which overcome ttie abovementioned problems 
of the acrylate chemistry are described, for example. In U.S. Pat. No. 5,476,748, which is incoporated herein by refer- 
ence. These compositions are so-called hybrid systems, comprising free-radically and cationlcally photopolymerizable 
components. Such hybrid compositions comprise at least: 

(A) a liquid difuncttonal or more highly functional epoxy resin or a liquid mixture consisting of difunctional or more 
highly functional epoxy resins; 

(B) a cationic photoinitiator or a mixture of cationk: photoinitiators; 

(C) a free-radical photoinitiator or a mixture of free-radical photoinitiators; and 

(D) at least one liquid poty(meth)acrylate having a (meth)acrylate functionality of more than 2, 

(E) at least one liquid cycloaliphatic or aromatic diacrylate, and 

(F) a certain hydroxy compound that is selected from the group consisting of OH-terminated polyethers, polyesters 
and polyurethanes. Such hybrid systems can optionally further contain vinyl ether-based resins or other cationlcally 
cured components such as oxetanes, spiro-ortho esters. 

[0007] A drawback of commercial cationic or hybrid cationic-radical stereolithographic compositions is that tiieir cured 
articles show HDT values that are much lower than those based on acrylate chemistry, usually between 40 and 1 00*^0. 
[0008] Many hybrid compositions have been developed by companies for use in stereolithography process systems. 
For example, U.S. Pat No. 5,434,196, assigned on its foce to Asahi Denka Kogyo K.K., discloses resin compositions 
for so-called optical molding containing a mixture of epoxy resins and vinytethers, a cationic initiator, and a mixture of 
an acrylate compound and a triacrylate compound. 

[0009] To date, there is no scientifically published or universally accepted term for defining ttie high temperature 
hybrid stereolithography resins. Through marketing brochures of stereolithography resin maufacturers and presenta- 
tions In trade organizations, high temperature hybrid stereolithography resins are defined as those wherein their cured 
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[001 1] The present invention relates to novel resin compositions comprising 

.!?.f llf^** °' «Po*y equivalent weight between 80 and 330 h^vin„ «t 

least two epoxy greups with a monomer purity of at least about 80% by weight. o^Zl^^^Z^^^ 

r^ !f « J?' "^Ti^']* ^" radiation-sensitive initiator for cationic polymerization- 
[00161 A further embodiment of the invention is a novel resin composition comprising 

I'^zrircSi^rt^rpri"^^^^^ 

c^^4 to 35%l! S J r* ^" t?"* «'««««'^'«'«« '"««ator for cationic polymerization; 

d 0.02 to 0% by weight an actinic radiation-sensitive initiator for radical polyme^tio^ aS^ 
eopjcnally up to 40%by weight of at least one sdid or Hquid cationic reactive 

total of components (a) through (e) being 100 percent by weight. ™xib«izer wrth the sum 

[0017] The composition preferably contains the at least one solid orliquid epoxy cresol novolac eooxv nh«noi nn«ni-. 
having at least two functional groups, or mixtures thereof between 2 an^ 50%^ ^^l^,^^^. ^1^! 
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reactive groups in the molecule, or mixtures thereof. 

[0020] The composition preferably contains the at least one glyddylether of a poiyhydric aliphatic, aiicycllc or aromatic 
alcohol having at least three epoxy groups at between 3 and 90%, more preferably at least 15% to 90% by weight of 
the at least one solid or liquid epoxy cresol novolac, epoxy phenol novolac having at least two functional groups. 

s [0021] The compositions can Include as component (e) about 0.5 to about 40 percent by weight of at least one solid 
or liquid cationic reactive modifler-flexibilizer. The at least one solid or liquid cationic reactive modifier is preferably a 
reactive epoxy modifier or reactive vinylether modifier or a hydroxy-functlonallzed vinylether or mixtures thereof. More 
preferably, the reactive modifler-flexibilizer Includes at least one cationically reactive btfundlonal aliphatic, alicyclic or 
aromatic compound containing a chain extension segment connected to the cationic reactive group with a nrnlecular 

10 weight of at least about 100 and not more than 2000. 

[0022] *The compositions can contain from about 4 to 35% by weight of a free radically curable component comprising 
at least 4% by weight one mono- or dl(meth)acrylate and at least 4% by weight a poly(meth)acrylate having (meth) 
acrylate liinctionarrty greater than or equal to 3. 

[0023] The present Invention further relates to a method of producing a cured product, in which compositions de- 
16 scribed above are treated with actinic radiation. More preferably, the present invention relates to a method for producing 
three-dimensional shaped articles comprising: 

a) treating a radiation-curable composition described above with actinic radiation to form an at least partially cured 
layer on the surfece of said composition within a surface region con-esponding to a desired cross-sectional area 
20 of the three-dimensional article to be formed, b) covering the at least partially cured layer produced in step a) with 

a new layer of said radiation-curable composition, and c) repeating steps a) and b) until an article having the 
desired shape is fomned, and optionally, d) post-curing the resulting article. 

The novel compositions herein contain. In the broadest sense, a mixture of at least one cationically curable 
25 compound and at least one photoinltator for the cationically cured compound(s), and a selected firee-radlcally curable 
component, wherein the composition preferably contains substantially no polyol or hydroxyl-group containing com- 
pounds.' The compositions further optionally contain a free radical photolnitiator/sensltizer and a cationic reactive mod- 
ifier. 

[0025] The cationically curable liquid or solid compound may expeditiously be an aliphatic, alicyclic or aromatic poi- 

^ yglycidyl compound or cycloaliphatic polyepoxide or epoxy cresol novolac or epoxy phenol novolac compound and 
which on average possess more than one epoxide group (oxirane ring) in the molecule. Such resins may have an 
aliphatic, aromatic, cycloaliphatic, araliphatic or heterocyclic structure; they contain epoxide groups as side groups, or 
these groups fomi part of an alicydic or heterocydic ring system. Epoxy resins of these types are known In general 
temis and are commeroially available. 

35 [0026] Polyglycldyl esters and poly(P-methyiglycidyl) esters are one example of suitable epoxy resins. Said polyg- 
lycidyl esters can be obtained by reacting a compound having at least two carboxyl groups in the molecule with ep- 
ichlorohydrin or glycerol dichtorohydrin or p-methyleplchlorohydrin. The reaction is expediently cam'ed out in the pres- 
ence of bases. The compounds having at least two carboxyl groups in the molecule can in this case be, for example, 
aliphatic polycarboxylic adds, such as glutaric add, adipic add, pimelic acid, suberic add, azelaic acid, sebadc add 

^ or dimerized or trimerized linoleic add. Likewise, however, it is also possible to employ cydoaliphatic polycarboxylic 
adds, for example tetrahydrophthalic add, 4-methyltetrahydrophfhalic add, hexahydrophthalic add or 4-methylhex- 
ahydrophthallc acid. It is also possible to use aromatic polycarboxylic adds such as, for example, phthallc acid, iso- 
phthallc acid, trimellitic add or pyiromellitic add, or else carboxyl-terminated adducts, for example of trimellitic acid and 
polyols. for example glycerol or 2,2-bis(4-hydroxycydohexyl)propane, can be used. 

^ [0027] Polyglyddyi ethers or poly(p-methylglyddyl) ethers can likewise be used. Said polyglyddyt etiiers can be 
obtained by reacting a compound having at least two free alcoholic hydroxyl groups and/or phenolic hydroxyl groups 
with a suitably substituted epichlorohydrin under alkaline conditions or in the presence of an acidic catalyst followed 
by alkali treatment. Ethers of tiiis type are derived, for example, from acyclic alcohols, such as ethylene glycol, dleth- 
ylene glycol and higher poly(axy6thylene) glycols, propane-1,2-dlol, or poly(oxypropylene) glycols, propane-1,3-diol, 

so butane-1 ,4-diol, poly(oxytetramethylene) glycols, pentane-1,5-dlol, hexane-1,6-dlol, hexane-2,4,6-triol, glycerol. 
1,1,1-trimethylolpropane, bistrimethylolpropane, pentaerythritoi, sorbitol, and from polyepichlorohydrins. Suitable giy- 
ddyl ethers can also be obtained, however, from cydoaliphatic alcohols, such as 1,3- or 1.4-dlhydroxycyclohexane, 
bis(4-hydroxycydohexyl)methane, 2,2-bis{4-hydroxycydohexyi)propane or 1,1-bls(hydroxymethyl)cydohex-3-ene, or 
they possess aromatic rings, such as N,N-bis(2-hydroxyethyl)aniline or p,p -bis(2-hydroxyethyiamino)diphenylmeth- 

55 ane. 

[0028] Particularty Important representatives of polyglycldyl ethers or poly(P-metiiylglycidyl) ettiers are based on 
phenols; eltiier on monocyllc phenols, for example on resordnol or hydroqulnone, or on polycycllc phenols, for example 
on bls(4.hydroxyphenyl)methane (BIsphenol F), 2,2-bis(4.hydroxypheny1)propane (Bisphend A), or on condensation 
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[0029] Po'y(N-9'ycidyl) compounds are likewise suitable forlhe purposes Of the Dresentiiw^^ • 

for example, by dehydrochlorination of the reaction products of epichl^hvd^n 21^^^ 

amine hydrogen atoms. These amines mav ep cworohydnn with amines containing at least two 
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6128, UVR-6200, UVR-6216 of Union Carbide Corp., Danburry, CT, the Araldtte GY series that is Bisphenol A epoxy 
liquid resins, the Araidite CT and GT series that Is Bisphenoi A epoxy soiid resins, the Araldite GY and PY series that 
is Bisphenol F epoxy liquids, the cycloallphatic epoxides Araldite CY 179 and PY 284, the Araldite DY and RD reactive 
diluents series, the Araldite ECN series of epoxy cresol novolacs, the Araldite EPN series of epoxy phenol novolacs, 
all commercial products of Ciba Specialty Chemicals Corp., the Heloxy 48, Heloxy 44, Heloxy 84 and the other Heioxy 
product line, the EPON product line, all of Shell Corp.. the DER series of flexible aliphatic and Bisphenol A liquid or 
solid epoxy resins, the DEN series of epoxy novolac resins, ail commercial products of Dow Corp., Celoxide 2021, 
Celoxide 2021 P. Celoxide 2081. Celoxide 2083. Celoxide 2085. Celoxide 2000, Celoxide 3000. Glycidole. AOEX-24, 
Cydomer A200. Cydomer M-100. Epolead GT-300. Epolead GT-302, Epolead GT-400, Epolead 401, Epolead 403. 
(Dalcel Chemical Industries Co., Ltd.), Epicoat 828. Epicoat 812, Epicoat 872, Epicoat CT 508, (Yuka Shell Co., Ltd.), 
KRM-2100, KRM-2110, KRM-2199, KRM-2400. KRM-2410, KRM-2408. KRM-2490. KRM-2200, KRM-2720, KRM- 
2750 (Asahi Denka Kogyo Co., Ltd.), 

[0042] It is possible to employ a host of known and industrially tried and tested cationic photoinltlators for epoxy 
resfns for purposes of practicing the Instant invention. Examples of these photoinltiators are onium salts with anions 
of weak nucleophtlldty. Examples thereof are halonium salts, lodosyl salts or sulfbnium salts, sulfoxonium salts, or 
diazonium salts, as described for example In US-A-3,708.296. Other cationic photoinltiators are metallocene salts. 
[0043] An overview of further commonplace onium salt initiators and/or metallocene salts is offered by 'UV-Curing, 
Sdence and Technology", (Editor: S.P. Pappas, Technology Mariceting Corp., 642 Westover Road, Stamford, Con- 
necticut, USA) or "Chemistry & Technology of UV & EB Formulations for Coatings, Inks & Paints", Vol. 3 (edited by P. 
K. T. Oldring), which is incorporated herein by reference. 

[0044] Preferred compositions comprise, as a cationic photoinitiator, a compound of the formula (B-l), (B-ll) or (B-Ill) 



R^Q I Rja 



(B-l). 
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A (B-lll). 



in which R^g, R2B, R3B1 R4b> ^7B independently of one another are Co-C^Qaryl which Is unsubstituted 

or substituted by appropriate radicals, and 

A- is CF3SO3- or an anion of the formula [LQ„b]-, where 

L is boron, phosphonjs, arsenic or antimony, 

Q is a halogen atom, or some of the radicals Q In an anion L^' may also be hydroxyl groups, and 

mB is an integer corresponding to the valency of L enlarged by 1. 



[0045] Examples of Ce-C^Baryl in this context are phenyl, naphthyl. anthryl and phenanthryl. In these substituents 
present for appropriate radicals are alkyl. preferably C^-Cealkyl, such as methyl, ethyl, n-propyf, Isopropyl. n-butyl, sec- 
butyl, Isobutyl. tert-butyl or the various pentyl or hexyl Isomers, alkoxy, preferably C-i-Cgalkoxy, such as methoxy, ethoxy, 
propoxy, butoxy. pentoxy or hexoxy, alkyfthio, preferably C^-Cealkylthio, such as methylthio. ethylthio. propylthio. 
butylthio, pentylthio or hexylthio. halogen, such as fluorine, chlorine, bromine or iodine, amino groups, cyano groups, 
nitro groups or arylthio, such as phenylthio. Examples of preferred halogen atoms Q are chlorine and, in particular, 
fluorine. Prefen-ed anions LQ^g are BF4-, PFq-, AsFg-, SbF^- and SbPgCOH)-. 

[0046] Particularly preferred compositions are those comprising as a cationic photoinitiator a compound of the for- 
mula (B-lll), in which R5B, R^b and Rye are aryl. aryl being in particular phenyl or biphenyl or mixtures of these two 
groups. 

[0047] Further preferred compositions are those comprising as a photoinitiator a compound of the fomnula (B-iV) 



RsB^'^^ ^9b)cB 







JdB 


Xe 



cB 



(B-IV) 



in which 
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cB is 1 or 2. 

is 1,2. 3, 4 or 5, 

Xb is a non-nucleophilic anion, espedallv PF«- AsF^- ShF - rp cr^ - r- 

n-CeF,3S03-andn-CeF,^63-. " ' ^'^'^^a-. C^FsSO,. n-CgF^SO,. n^4F9S03-. 

Rae is a n-arene and 

Rgs K 8" araon of a n-arene. especially a cydopentadlenyl anion. 

Se"Sed^r:S'"a°J3.'r^^^^^^ « ««B can be (bund In EPW^ 094 915. Examples of 

pe,y.ene.s«l5ene.dlS;e:^^^^^^^^^ 

preferred. Exainples of non^udeophillc antonTrrrreo - S 

0fan.onsLQ.,^Preferredani0^saLe^1vXmpTrtS^^^^^^^^^ 

aromatic carboxylic adds such as CF3SO3- Cpio - „T^n^„^Vtn^ ^^^^ 

parficularfrorn partially fluo«,-orpe,fluoroi;pteSUrt^^^^^^ "-CaFi3S03-. n^eFiTSO,-. or in 

su;™ei:^^^^^^^ 

sensitbers are mentioned WEP^^^S gS 

[0051] More preferred commerdalcattonic photoinltlators are UVW974 UVI-6970 uviJiCRn iiv/o=oon. ^ 
tured by Union Carbide Corp.). CD-1010 CD-1011 CD-1012 iJlruZl.' ^ k f ^' UVI-6990 (manufac- 

150. SP-151. SP:170. SP.^VMVlr^l°^^o^^^ Sartom^r Corp.). Adelcaoptomer SP- 

Corp.), CI-2481 CI-2624 CI-2639 ri 9n^/M- f w ^^^■'"*'-^'''9a«^261 (CibaSpedaltyC 

Adekaoptomer SP-170. SP-171 CD-IO1T SdTw lS -Sl^^* '"t''"^ ^ UVW^^O. 
e«her indMdually or in com Jna«on^f l^rJl^r «»'«--~'rt'one<l cationio photolniliators can be used 

tS ^i^srrerofTnSl^^^ '^J^ ^'^ «PP™P^ ^•a«on. 

methyl ether, benzoin ethyl !^r a^ S^oint^o^r S^T' 

nones.suchasacetophelr2 2^"^^^^^^ benzoin acetate, acetophe- 

as benzil dimethyltetal and b^nzi^dX tet^l i^uJ!^! ' 

none. 2-tert-butylanthraquinonr -d^Lr^^^ TL^ 2-methylanth,aqulnone. 2^thylanlhraH,ui. 

roylphosphlneTxides.fb're^^;T4^^^^ 

oxides, benzophenones. such ^ be^o^^^en^'a^d 4^^^^^^^ bisacylphosphlne 
xanthones.acridlnederlvatlves.phenazlnederiv^^^ 

zoyi oxime, 1-aminophenyl ketones or l-hwdrnw nho-Jt-T °»y«»ve8or 1-phenyl-1.2-propanedlone2-0-ben- 
14,ydroxyisop«pylketonIandtSp™^^^^ ZT^ l-hydroxycydohexyl phenyl ketone, phenyl 

10053] PartlculSysultabteTeH^KhS^^^ - 
as light sou«» are acetoph^VntTs^S asT2HS^Zl^„r^ '^'^"^ ^ « He/Cd laser 
l^^ydroxycyclohexyl Phenyl kere or 2^2^;^^^^ 

especially l-hydroxycydohexyl phenyl ^^J^^J^^^f''^^ (-2-hydroxyw2.2Kfimethylacetophenone). but 

E fer irpre^trd^Tiir^^^^ rsr;: isr" ~ 

dimethyl ketal or 2.4.6«^ JJo^;;"e^rSX^ ^^^^^ "^^"^ '''^"^ ""^^ 

The novel impositions cTta^^no^^^^^ 
lightinanadiuSe'LTenJ^^^^^^ 

known, for example US PaSrr7?i 10V4 7^2 i^l?^^^ "^^ction are 

compounds are the anionic dye^Sonium iofc^mlSS^t^^^ ■ ^"""^ dy«o"nterion 

the cationic dye^orate anion CouTdT f j foCng TnZ"''' "^""^ ^' 
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In which Dq* is a cationic dye and R^c* f^2C» ^30 ^ac independently of one another are each an alkyl. aryl, allcaryl. 
10 ally!, aralkyi, alicenyt, alkynyi, an allcyclic or saturated or unsaturated heterocyclic group. Preferred definitions for the 
radicals R^c to R^q can be talcen for example, from EP-A-0 223 587. 

[0056] As photoinltiator, the novel compositions preferably include a 1-hydroxy phenyl Icetone, especially 1-hydrox- 
ycyclohexyl phenyl Icetone. 

[0057] The free nadical and cationic photoinitiators are added in effective quantities, i.e. in quantities from 0.1 to 1 2, 
IS particularly from 0.5 to 9 percent by weight, based on the overall quantity of the composition. If the novel compositions 
are used for stereolithographic processes, in which laser beams are nomially employed, it is essential for the absorption 
capacity of the composition to be matched, by way of the type and concentration of the photoinitiators, In such a way 
that the depth of curing at normal laser rate Is from approximately 0. 1 to 2.5 mm. 

[0058] The novel mixtures may also contain various photoinitiators of different sensitivity to radiation of emission 
20 lines with different wavelengths to obtain a better utilization of a UVA/IS light source which emits emission lines of 
different wavelengths. In this context It is advantageous for the various photoinitiators to be selected such, and em- 
ployed In a concentration such, that equal optical absorption is produced with the emission lines used. 
[0059] The free radically curable component preferably comprises at least one solid or liquid poly(meth)acrylate, for 
example, be di-, tri-, tetra- or pentafunctional monomeric or oligomeric aliphatic, cycloaliphatic or aromatic acrylates 
25 or methacryiates. The compounds preferably have a molecular weight of from 200 to 500. 

[0060] Examples of suitable aliphatic poly(meth)acry1ates having more than two unsaturated bonds in their molecules 
are the triacrylates and trimethacrylates of hexene-2,4,6-triol. glycerol or 1,1.1-trimethylo!propane. ethoxylated or pro- 
poxylated glycerol or 1,1,1-trimethylolpropane, and the hydroxyl-containing tri(meth)acrylates which are obtained by 
reacting triepoxide compounds, for example the triglycidyl ethers of said triols, with (meth)acryiic add. It is also possible 
30 to use, for example, pentaerythritol tetraacrylate, bistrimethylolpropane tetraacrylate, pentaerythritol monohydroxytri- 
acrylate or -methacrylate, or dipentaerythritol monohydroxypentaacrylate or -methacrytate. 

[0061] It Is additionally possible, for example, to use polyfundional urethane acrylates or urethane methacryiates. 
These urethane (meth)acrylates are known to the person skilled in the art and can be prepared in a known manner 
by, for example, reacting a hydroxyt-termlnated potyurethahe with acrylic add or methacrylic acidi or by reacting an 

35 isocyanate-termlnated prepotymer with hydrbxyalkyi (meth)acrylates to give the urethane (meth)acfylate. 

[0062] Examples of suitable aromatic tri(meth)acry1ates are the reaction products of triglyddyi ethers of trihydric 
phenols and phenol or cresol novolaks containing three hydroxyl groups, with (meth)acrylic add. 
[0063] The (meth)acrylates used herein are known compounds and some are commerdally availabte, for example 
from the SARTOMER Company under product designations such as SR®295, SR®350, SR®351 , SR®367, SR®399, 

40 SR(S>444, SR(S454 or SR09O41 . 

[0064] Preferred compositions are those in which the free radically curable component contains a tri(meth)acrytate 
or a penta(meth)acrylate. 

[0065] Suitable examples of di(meth)acry1ates are the di(meth)acry1ates of cydoaliphatic or aromatic diols such as 
1,4-dihydroxymethyIcyclohexane, 2,2-bis(4-hydroxycydohexyl)propane, bis(4-hydroxycyclohexyi)methane, hydroqui- 
^ none, 4,4'-dihydroxybiphenyl, Bisphenol A, Bisphenol F, bisphenol S, ethoxylated or propoxylated Bisphenoi A, ethox- 
ylated or propoxylated Bisphenol F or ethoxylated or propoxylated bisphenol S. Di(meth)acrytates of this kind are 
known and some are commerdally available. 

[0066] Other di(meth)acrylates which can be employed are compounds of the formulae (F^), (F-ll), (F-lll) or (F-IV) 
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RiF is a hydrogen atom or methyl, 

Yp is a direct bond, Ci-Cgalkylene, ^. -O. ^O-, ^Ojr or -CO- 

|s a C,-C8allcyl group, a phenyl group which is unsubstituted or substituted by one or more C C aikvJ nm..nc 
hydroxyl groups or halogen atoms, or is a radical of the formula ^H^-ORsp in JSci ' ^ ' ' 

R3F IS a Ci-Cgallcyl group or phenyl group, and ^ 

Ap is a radical selected from the radicals of the formulae 

cx-cc-cc 

JJ067] F"'*erexample8ofpo8,lbIedl(rrHrth)acrylate8a™conpound80^ 
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30 [0068] These compounds of the formulae (F-l) to (F-VIII) are known and some are commerdaily available. Their 
preparation Is also described In EP-A-0 646 580. 

[0069] Examples of commercially available products of these polyfunctional monomers are KAYARAD R-526, HDDA, 
NPGDA, TPGDA, MANDA, R-551. R-712, R-604, R-684. PET-30, GPO-303, TMPTA. THE-330. DPHA-2H. DPHA-2C, 
DPHA.21, 0-310, D-330. DPCA-20. DPCA-30, DPCA-60. DPCA-120, DN-0075, DN^2475, T-1420, T.2020. T-204a, 

35 TPA-^20, TPA-330, RP-1040. R-011 . R-300. R-205 (Nippon Kayaloj Co., Ltd.). Aronix M-210, M-220, M-233, M-240. 
M.215, M- 305. M-309, M.310, M-316. M-325, M^OO. M-6200. M-6400 (Toagosei Chemical Industry Co, Ltd.). Light 
acrylate BP^EA, BP-4PA, BP-2EA, BP-2PA. DCP-A (Kyoelsha Chemical Industry Co., Ltd.). New Frontier BPE-4, 
TEICA, BR-42M. GX-8345 (DaichI Kogyo Selyaku Co., Ltd.), ASF-400 (Nippon Steel Chemical Co.), RIpoxy SP-1508. 
SP-1507. SP-1509, VR-77, SP-4010. SP-4060 (Showa Highpolymer Co., Ltd.), NK Ester A-BPE-4 (Shin-Nakamura 

40 Chemical Industry Co.. Ltd.), SA-1 002 (Mitsubishi Chemical Co.. Ltd.). Viscoat-195, Viscoat-230. Vlscoat-260, Viscoat- 
310, Viscoat-214HP. Viscoat-295, Vlscoat-300, Viscoat-360, Viscoat-GPT. Viscoat-400, Vlscoat-700, Vlscoat-540, VIs- 
coat-3000. Viscoat-3700 (Osaka Organic Chemical Industry Co., Ltd.). 

[0070] According to the present invention, It Is preferable that the radiation-curable and catfonically polymerizable 
organic component (a) comprise at least one component (a1) that is a polyfunctional aliphatic, alicyclic or aromatic 

45 glycldylether(s) having at least three epoxy groups per molecule. Component (a1) has been found to 1) substantially 
Increase the high temperature performance of the cured article, 2) improve the wet recoatablllty of the liquid composition 
and 3) Improve the side wall finish of the cured article. More preferred compositions contain component (a1) that is a 
polyfunctional aliphatic, alicydic or aromatic glycidylether, or mixtures thereof having at least three epoxy groups per 
molecule with an epoxy equivalent weight (EEW) between 90 and 800. Most prefenred are those having an EEW weight 

50 between 90 and 650. The triglyddylether of trimethylolpropane, Heloxy 48 of Shell Corp., having an EEW of about 
140-160 is one of the most preferred polygfyddytether compounds. The polyfunctional glycidylether(s) having at least 
three epoxy groups in their molecule preferably comprises between about 2 and 90% by weight the overall cattonic 
component (a), more preferably, between about 9 and about 60% by weight, most preferably between 10 and 50% by 
weight 

55 [0071] Acconjing to the present invention. It is prefen-able that the radiation-curable and cattonically polymerizable 
organic component (a) comprise at least one component (a2) that Is an alicyclic polyepoxide having at least two epoxy 
groups per molecule. Component (a2) has been found to be effective at increasing the high temperature performance 
of cured ariicles when it is in a very pure form, which means elimination of its dimers or trimers at the highest possible 



in 
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extent More preferred compositions contain component (a2) with a monomer purity of over about 80% «nrf pnnvw 
equivalent weight lietween 80 and 330. more preferably between 90 and aon . / . 

component (a2) In a pure form ba,.ng epoxy e'cuiSn^ ITZe^n ^ .^2^2::^^^^^:^^ 
oligomers are substantially eliminated. Commercial products havinq over about 90% S ? ° 

boxylale (ECEC) having an epoxy equivalent weight between 130 and 145 with varyino deoiTSrf^o^, I 

example demonstrate that the high monomer purity of Uvacuie 1500D,odu~sr^rd2iiH!l * ^ *^ 

[0072 According to the present invention, it is prefeirable that the radlatlon^rable and catlonicallv noivm^riroh.^ 

2an.ccomponen(a)comphsealleastonecomponent(a3)thatisasolidorliquidepo^^^ 

r«fnn H V""'* T ^"'"'^ has been foun^ be vS^'STall? 

creasing the high temperature performance of cured articles when its epoxy ftjnctionalitv becomL ^h!7^ , tL 

lOOWJ To Impsn lesiUllty and Impaa rMstancs. IKi novel C0fii(]os«lofis herein ocUonallv ImOtr Indud. . 
nwaHs "exlbiliv and lmp«a ».iM.«o B «o cuioa article »l.,o« coS«^ wSSfTJ^^SIfrS 

mo?r rT"'^ °' "'^ cationically.cured group can va,y between about 100 and 1600 ^ 
10079 Cationic reactive modifiers having more than two catlonically reactive groups and a corresDondina numhor 

suosiiiu^eajwitn C1-C10 alkyl or C1-C10 alltoxy groups, unsubstituted alkylene or substituted with C,-C,^lkvl or 
C,-C,oalkoxy alkylene groups. unsubstHuted cycloaliphatic or substituted cydoaliphatic with C^J^lf^^l 
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alkoxy groups, unsubstituted aromatic or aromatic substituted with C^-C<ioallcyl or C^-C^q alkoxy groups, saturated and 
unsaturated polyesters, polyethers, polysiloxanes, polysilaneSt polycarbonates, polyalkylene ethers. A chain extension 
segment having 4 to 60 repeating C2-C4a(koxy groups, for example isopropoxy, propoxy and ethoxy, is most preferred. 
Similarly, for aromatic epoxides, the chain extension segment between the glycldyl ether groups and the aromatic 
nucleus of poiyhydric alcohol should have a molecular weight of at least about 100 and not nrare than 2000. 
[0080] AJso preferred are polyglycidyl esters and poly(P-methyiglycidyi)esten5 halving chain extenston segments hav- 
ing a molecular weight of at least about 100 and not more than 2000. Said compounds can be obtained by reacting a 
compound having at least two carboxyl groups in the molecule with epichlorohydrin or glycerol dichlorohydrin or ^ 
methyleplchlorohydrin. Likewise, it is possible to employ cydoaliphatic polycarboxylic adds, for example tetrahydroph- 
thallc acid. It is also possible to use aromatic polycarboxylic acids such as phthalic acid, pyromellitic acid, or else 
carboxyl-termlnated adducts, for example of trimellitic acid and polyols. for example glycerol or 2,2-bis(4-hydroxycy- 
clohexyl)propane. 

[0081] Epoxidized oils (e.g. the Union Carbide FLEXOL, LOE or EPO) having chain extension segments having a 
molecular weight of at least about 400 and not more than 3,000 are also preferred epoxy-based cationic reactive 
modifiers. 

[0082] A more preferred epoxy-based cationic reactive modifier is a liquid or solid polyglyddyi ether of a poiyhydric 
alcohol or adducts or polybasic add thereof with alkylene oxide (e.g. trigtyddyl ether of glycerol chain extended by 
between five and fourteen Isopropoxy groups per glycldyl ether group). Also preferred is a dimer acid diglyddylether 
having an aliphatic backbone of between about C^s to about C^sq, such as Heloxy® 71 having an aliphatic backbone 
of about C34, polygtycol diepoxides having a backbone consisting between about 4 and 50 isopropoxy units, such as 
Heloxy® 32, with 7 isopropoxy groups, polyglyddylethers of castor oil, such as Heloxy€) 505, all three products are 
commerdally available by Shell Corp., Houston, TX. The most preferred epoxy-based cationic reactive modifier is a 
triglyddyl ether of polypropoxylated glycerol having the following structure: 



which is commercially available under the tradename Heloxy® 84 from Shell Company, Houston, TX. 
[0083] Other preferred cationic reactive modifiers are based on liquid or solid vinyl ethers, such as polyalkylene 
glycol dKpoty) vinyl ether, tetraethyleneglycol divinylether, hydroxy-functionalized mono(poly)vinylethers, also cy- 
doaliphatic or aromatic (di)polyvinyl ethers chain extended with at least one chain extension segment. Prefen-ed chain 
extension segments are unsubstituted aliphatic or aliphatic substituted with C-|-C-ioalkyl or Ci-C^oalkoxy groups, un- 
substituted alkylene or alkiylene substituted with C^-C^galkyl or C^-C^galkoxy groups, unsubstituted cydoaliphatic or 
cydoaliphatic substituted with C^-C^oalkyl or C^-C^oalkoxy groups, unsubstituted aromatic or aronrmtic substituted with 
C^-C^o^'kyl or Ci-C^o^'^^o^ groups, saturated and unsaturated polyesters, polyethers. polysiloxanes, polysilanes, 
polycarbonates, polyalkylene ethers. The vinylether-based cationic reactive modifier should be at least bifunctional. 
[0084] A chain extension segment having 4 to 80 repeating C2-C4alkoxy groups, for example isopropoxy, propoxy 
and ethoxy. Is most preferred. 

[0085] Depending on the polarity of the composition, the chain extension segment can be chosen in such a way that 
the cationic. reactive modifier is highly compatible with the liquid curable composition. Such a selection results in, not 
only an Improvement in elongation and impact resistance, but improved recoatability and elimination of undesirable 
phase separation phenomena. In the case of slightly polar liquid compositions, the chain extension segment may be 
an ethoxy or propoxy or isopropoxy or oxytetra methylene or derivatives thereof. In addition to high flexibility. If there 
is a need for imparting water resistance Into the composition, then the aromatic or hydrocarbon or Isopropoxy or low 
ether content chain extenders are most preferred. 

[0086] The cationic reactive modifiers are preferably present in the overall composition at between about 0.5% to 
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about 60% by weight, more preferably about 2% to about S0% hv u»inh< — . ^, 
IU087] ™ecornpositions described above can further include custornafvadd»i«««fr,,ot 

tlons, such as coloring agents, such as pigments and dyes fflitj^mlTJl^fi T ? ^^'^°^'^*^3raphic composi- 
flame retardant and antioxidants. ^ antifoaming agents, leveling agents, thickening agents. 

[00881 '"«P"rtlculariypreferredembodiment.thehybridcationicallyandrBdlcallvcuredcom~,fii«nnrtoo«„ . . 
any polyol or hydroxyl group-containing compounds. It has been widely ac^oted ttiat J^^^ not contain 

pounds are a required component for epoxy hybrid compositions i^'dtnTtSSl^TrSh^^^ ""^ 
fomiulations do not cure and postcure to high extent unl^ tt^ ccZnl^? " ^ ^'^"^"^ ^^"^ 

trio, or polyol. This belief is bLd on the unde^a'nlXThe hZ^^^^^^ '^"^"'^ 

rtir:rar«^.r^r= 

p.port.nofthepo,o.cornt^i!Too";:;t^^^^^ 
prc^^mSn^co-^^^^^^ 

So^erSriri^^^^irarj^^^^^^ 

Examples of such materials indu^^^SU^lT^f k?^ adversely affected. 

crosslinkedureamsinpowder.crosslinl<edmelamlner«8lnSr^^ P"***^'' 
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[0096] The novel compositions can be polymerized by Irradiation with actinic light, for example by means of electron 
beams, X-rays, UV or VIS light, preferably with radiation in the wavelength range of 280-650 nm. Particularly suitable 
are laser beams of HeCd, argon or nitrogen and also metal vapour and NdYAG lasers. This invention is extended 
throughout the various types of lasers existing or under development that are to be used for the stereollthography 

5 process, e.g. solid state, argon Ion lasers,etc. The person skilled in the art is aware that it is necessary, for each chosen 
light source, to select the appropriate phototn'rtlator and, if appropriate, to carry out sensitization. It has been recognized 
that the depth of penetration of the radiation into the composition to be polymerized, and also the operating rate, are 
directly proportional to the absorption coefficient and to the concentration of the photoinitiator. In stereollthography it 
is preferred to employ those photoinitiators which give rise to the highest number of fonming free radicals or cationic 

10 particles and which enable the greatest depth of penetration of the radiation into the compositions which are to be 
polymerized. 

The invention additionally relates to a method of producing a cured product, in which compositions as described above 
are treated with actinic radiation. For example, it is possible in this context to use the novel compositions as adhesives, 
as coating compositions, as photoresists, for example as solder resists, or for rapid prototyping, but especially for 

15 stereollthography. When the novel mixtures are employed as coating compositions, the resulting coatings on wood, 
paper, metal, ceramic or other surfaces are clear and hard. The coating thickness may vary greatly and can for instance 
be from 0.01 mm to about 1 mm. Using the novel mixtures it is possible to produce relief Images for printed circuits or 
printing plates directiy by Irradiation of the mixtures, for example by means of a computer-controlled laser beam of 
appropriate wavelength or employing a photomask and an appropriate light source. 

20 [0097] One specific embodiment of the abovementloned method is a process for the stereolithographic production 
of a three-dimensional shaped article, in which the article is buUt up from a novel composition with the aid of a repeating, 
alternating sequence of steps (a) and (b); in step (a), a layer of the composition, one boundary of which Is the surface 
of the composition, is cured with the aid of appropriate radiation within a surface region which con^sponds to the 
desired cross-sectional area of the three-dimensional article to be formed, at the height of this layer, and in step (b) 

25 the freshly cured layer is covered with a new layer of the liquid, radiation-curable composition, this sequence of steps 
(a) and (b) being repeated until an article having the desired shape is formed. In this process, the radiation source 
used is preferably a laser beam, which with particular prefierenoe is computer-controlled. 

[0098] In general, the above-described initial radiation curing. In the course of which the so-called green models are 
obtained which do not as yet exhibit adequate strength. Is followed then by the final curing of the shaped articles by 
30 heating and/or further Irradiation. 

[0099] The term "liquid** in this application Is to be equated with "liquid at room temperature" In the absence of any 
statement to the contrary, room temperature being understood as being, in general, a temperature between 5° and 
^S'C, preferably between 15*" and 30*^0. 

3S Examples Background: 

[0100] Representative embodiments of the present invention will be described as examples, though the present 
invention by no means is limited by them. In the following examples, all parts are by weight The formulations indicated 
In the examples are prepared by rnixing the components, with a stin-er at 20 to 80^C (depending on viscosity) until a 
^ homogeneous composition is obtained. Most formulations can be stirred to a homogenous composition at room tem- 
peratures of about 25 to 30^*0. 

[0101] The physical data relating to the formulations are obtained as follows: The viscosity of the liquid mixture is 
determined at 30**C using a Brookfleld viscometer. The mechanical properties of the formulations are determined on 
three-dimensional specimens produced with the aid of an He/Cd or Ar/UV laser, in particular, the window panes (for 
4S measuring photospeed) and the HOT specimens were built In a 30 Systems SL 350 sterellthogrephy machine using 
a solid state laser emitting at 355 nm. The HOT spedmens were UV postcured in a 3D PCA apparatus for 90 minutes 
and subsequently tiiermally postcured at 160*'C for 2 hours. The HOT value was measured based on the ASTM method 
0648 under maximum fiber stress of 66 psi. 

[0102] The photosensitivity of the formulations is detennlned on so-called window panes. In this determination, sin- 
50 gie-layer test specimens are produced using different laser energies, and the layer ttiicknesses obtained are measured. 
The plotting of the resulting layer thicknesfs on a graph against the logarithm of the irradiation energy used gives a 
"working curve". The slope of this curve Is termed Op (given In mm or mils). The energy value at which the curve passes 
through the x-axis is termed (and Is the energy at which gelling of the material still just takes place; cf. P. Jacobs, 
Rapid Prototyping and Manufacturing. Soc. of Manufacturing Engineers, 1992, p. 270 ff.). 
^ [0103] The raw materials used for liquid SL compositions of Table 1 were: 

Trimethylolpropane triglycidylether (Heloxy 48) and 4,4'-cyclohehanedimethanol diglycidylether (Heloxy 107) are 
commercial products of Shell Corp., Houston, TX. 1,4-Butanediol diglycidylether (Araldite OY026), cresol epoxy 



AH 
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novolac (ECN1299). epoxy phenol novolac (EPN 9880CH^ 3 4-eonvvr%/H«K^^^ i ♦u . o. 

<:^^ i^m, cy,T9,, a-K. <L,J^^'?S;^^:;zZZ^^;^^ 

eomnmeial pio*«l80(abi.SpedaltyCh.iWcalsCo,p.. Tairyloin ^^/^'"^"^ Orgxnm tM). m Ml 
3.4^poxyciraoMxirtrrie0iyl3\4'<poxyc/ctote>canecatK)«ylal«(UV/^ 

SSSr^™^"^:^"^ »" - P^"»«" ODIOlO ,„ co™^ 

OapM«aoi» polyea,^! Hn, 0301 ft, a coimnclal pioduci o( IMon Caitkle, Oartu/y, CT. 



Example 1 . 
[0104] 



TABLE 1. 



Liquid Stereollthography Compositions. 



Formula # 


1 


2 


3 


4 


5 


6 


7 


8 


Heloxy 48 


15.0 


30.0 






30.0 


10.0 


10.0 


30,0 


Heloxy 107 






30.0 






12.5 


12.5 




DY026 








30.0 






20.0 




ECN 1299 












38.2 






EPN 9880 CH 














38.2 




UVACure 1500 


65.2 


50.2 


60 J2 


50.2 








50.2 


CY179 










50.2 








vectomer 4010 
















8.0 


N3700 


6.3 


6.3 


6.3 


6.3 


6.3 


6.3 


6.3 


6.3 


SR399 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 


6.0 




















1-184 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


2.5 


CD 1010 


5.0 


5.0 


5.0 


5.0 


5.0 


4.5 


4.5 


5.0 


Total Weight 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


108.0 


Dp (mils) 


5.46 


5.48 


5.57 


5.26 


5.59 


4.86 


4.84 


5.39 


Eg (mJ/cm^) 


8.85 


8.54 


7.39 


6,75 


10.05 


14.38 


21.35 


6.06 




















HOT, 2h at 
160"C 


215 


254 


129 


130 


141 


240 


110 


208 



[Oioq Compositions 1 and 2 produce cured articles having excellent heat deflection temperBture values due in fh. 
presence of Uvacure 1500. a purified cydoaliphatic epoxide with epcxy equival^t weigM tetil^M an^^^^^ 

48 (as in composition 2) may be responsible for lowering the HOT value to about 130-c ro^n^if^T^ ^ ? 

composi«on2exceptthatuvacure1500 has been replac^ With i^irc^^^^^^^^ 

having substantially the same chemical structure as UVAcuretSOO. Wi^ou^ bei^gTund ^^^^ 

HOT value of composition 5 relative to composition 2 may be attributed to the fac^'thrCY^g Ss^ov^*' mo^nS^ 
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purity than UVAcure1500. Composition 6 produces excellent heat deflection temperature value due to the incorporation 
of ECN 1 299 (epoxy cresol novolac), which has a very high number of reactive functionality (approximately 5.4). Com- 
position 7 containing an epoxy phenol novolac shows HOT value that is higher than the commercially available hybrid 
stereolrthography resins having HDT values between 80 and 100*'C. Replacement of the EPN9880CH component 

s (epoxy functionality of 3.6) with another epoxy phenol novolac having epoxy functionality over 4 would yield a cured 
article with much higher HDT value than composition 7. Composition 8 shows that incorporation of a vlnylether, Vec- 
tomer4010. Improves the photospeed of the liquid composition while maintaining high themial resistance. 
[0106] The above-mentioned scientific comments on SL liquid compositions of Table 1 were provided in an attempt 
to follow the trend of themial properties based on individual components. Our intention was neither to distinguish 

10 amongst good or bad SL liquid compositions nor to be bound by any theories. In addition to high HDT values, the 
compositions shown above exhibit high photospeed, good wet-recoatability properties, high water resistance and good 
side wall finish. 



IS Claims 

1. A liquid resin composition comprising 

a) 55-90% by weight of at least one solid or liquid actinic radiation-curable and cationically polymerizable 
20 organic substance, wherein component (a) comprises 

a1) at least one glyddylether of a pojyhydric aliphatic, alicyclic or aromatic alcohol having at least three 
epoxy groups with epoxy equivalent weight between 90 and 800 g/equivalent and a2) at least one solid 
or liquid alicyclic epoxide with epoxy equivalent weight between 80 and 330 having at least two epoxy 
25 groups with a monomer purity of at least about 80% by weight, or nraxtures thereof, . 

b) 0.05 to 12% by weight of an actinic radiation-sensitive initiator for cationic polymerization; 

c) 4 to 35% by weight of an actinic radiation-curable and radical-polymerizable organic substance, 
(d) 0.02 to 10% by weight an actinic radiation-sensitive Initiator for radical polymerization, and 

30 (e) optionally up to 40 % by weight of at least one solid or liquid cationic reactive modlfier-flexibllizer with ttie 

sum total of components (a) through (e) being- 100 percent by weight. 

2. A composition according to claim 1 wherein component (a) comprises between 20 and 75% by weight 

36 3. A composition according to daims 1 to 2 wherein component (a) further comprises not more than 20% by weight 
of at least one liquid or solid vinylether compound having at least two cationically-reactive groups in the molecule 
or a hydroxy-functionalized mono(poly)vinylether or mixtures thereof. 

A composition according to claims 1 to 3 wherein component (a) further comprises at least one liquid or solid epoxy 
cresol novolac, epoxy phenol novolac, oxetane or spiro-ortho ester compound having at least two cationically- 
reactive groups in the molecule, or mixtures thereof. 

A composition according to claims 1 to 4 wherein component a1) is between 3 and 90%, preferably at least 15% 
by weight of component a2). 

A liquid resin composition comprising 

a) 55-90% by weight of at least one solid or liquid actinic radiation-cureble and cationically polymerizable 
organic substance, wherein component (a) comprises 

50 

a1) at least one glycldyletiier of a polyhydric aliphatic, alicyclic or aromatic alcohol having at least three 
epoxy groups with epoxy equivalent weight between 90 and 800 g/equlvalent and a3) at least one solid 
or liquid epoxy cresol novolac, or epoxy phenol novolac with epoxy equivalent weight between 130 and 
350 having at least two functional groups, or mixtures thereof, 

50 

b) 0.05 to 12% by weight an actinic radiation-sensitive initiator for cationic polymerization; 

c) 4 to 35% by weight of an actinic radiation-curable and radical-polymerizable organic substance, 
(d) 0.02 to 10% by weight an actinic radiation-sensitive initiator for radical polymerization, and 



4. 

40 



5. 

46 

6. 
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(e) optionally up to 40 % by weight of at least one.solid or liquid catlonic reactive modifier-fl«ih.ii,«r wfh th. 
sum total of components (a) through (e) being 100 percent by weight. "wd'Aer-flexibilizer with the 

7. Ajjompositlon according to claim 6 wherein component (a) comprises component a3) between 2 and 50% by 

tf'^f°"r'^J'^''^ ^ "^^"^ ® *° ^ (a) further comprises not more than 20% bv weicht 

of atleastone liquid or solid vinylether compound having at least two catlonicayy-reartiw^u^lm« mn^f 
or a hydroxy-functlonalized mono(poly)vinylether. or mixtures thereof. 

9. A composition according to claims 6 to 8 wherein component (a) further comprises at least ona iio..i,< „r .v. 
alicydic polyfunctional epoxide, oxetane or splroKJrtho ester compound h^^^^ Z JZ^S^f 
groups in the molecule, or mixtures thereof. ^ ^ cationically-rBactive 

Jy^ghTo^™^^^^^^^^ 
1 1 . A ^mr^ition according to claims 6 to 1 0 wherein component a3) has an epoxy functionality of at least 4. e.g. at 

1i A composition according to claims 1 to 11 wherein the composition further comprises: 

e) 0.5 to about 40 percent by weight of at least one solid or liquid cationic reactive modifler^exibilizer. 

14. A composition according to claim 12 wherein the reactive modifler^lexlbilirer comprises at least one «tioni«ii„ 
the cationic reactive group wrth a molecular weight of at least about 1 00 and not more than Soo. """^^ 

15. A composition according to claims 1 to 14 wherein the composition contains 7 to 30% preferablv 8 to 20% h„ 
at least 4% by weight a poly(meth)acrylate having (meth)ac,ylate functionality greater than or eS!«l toT 
^S^. °' '^"^"^ " """^ " "^"^ to Claims 1 to 1 5 is treated With actinic 

17. A method for producing three-dimensional shaped articles comprising: 

a) treating a radiationK:urable composition according to claims 1 to 15 with acUnle radiation to fbm, an at least 
partially cured layer on the surface of said composition within a surface region corrSJondiSiTa 
cross-sectional area of the threesfimensional article to be fbnned conesponding to a desired 

X3n!'and* '"^ "^"^ « ^^''^'^ radiationM:urable 

c) repeating steps a) and b) until an article having the desired shape is formed, and optionally. 

a heat deflection temperature in excess of 110X. "avmg 



Patentanspriiche 

1. Flussige Harzzusammensetzung, umfassend 

lnH?o«° ^^^'^^^^P^°^.^"* mindestens einer fasten oder fiiissigen, durch aktinische Strahlung hSrtbaren 
und kationisch pclymens.ert)aren organischen Substanz. worin Komponente (a) umfasst 



a1) mindestens einen Glycidylether eines mehn^^ertigen allphatischen, alicyclischen oder 



aromatischen 
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Alkohois mit mindestens drel Epoxygruppen mit einem Epoxyaquivalentgewicht zwischen 90 und 800 g/ 
Aquivalent und 

82) mindestens ein festes oder flQssiges alicyclisches Epoxid mit einem Epoxyaquivaientgewichtzwischen 
80 und 330 mit mindestens zwei Epoxygmppen mit einer Monomen'einheit von mindestens etwa 80 Ge- 
wichtsprozent, oder Gemische davon, 

(b) 0,05 bis 12 Gewichtsprozent eines fQr alctinische Strahiung empfindlichen Starters zur kationischen Poly- 
merisation; 

(c) 4 bis 35 Gewichtsprozent einer durch alctinische Strahiung hartbaren und radikaiisch polymerisierbaren 
organischen Substanz; 

(d) 0,02 bis 10 Gewichtsprozent eines fOraktinfsche Strahiung empfindlichen Starters zur radikalischen Po- 
. lymerisation und 

(e) gegebenenfalis bis zu 40 Gewichtsprozent von mindestens einem festen oder flussigen, kationischen, 
reaktiven Modifizierungsmittel-Rexibilisator, 

wobei die Gesamtsumme von Komponenten (a) bis (e) 100 Gewichtsprozent ist. 

Zusammensetzung nach Anspruch 1 , worin Komponente (a) zwischen 20 und 75 Gewichtsprozent umfesst. 

Zusammensetzung nach Anspruchen 1 bis 2, worin Komponente (a) weiterhin nicht mehr als 20 Gewichtsprozent 
von mindestens einer flussigen oder festen Vinyietherverbindung mit mindestens zwei kationisch reaktiven Grup- 
pen in dem MolekQI oder einen Hydroxy-funktionalislerten Mono(poly)-vinylether oder Gemische davon umfasst. 

Zusamrrrensetzung nach Anspruchen 1 bis 3. worin Komponente (a) weiterhin mindestens eine/n flussige/n oder 
feste/n Epoxycresolnovolak, Epoxyphenolnovolak, Oxetan- oder Spiro-orthoresterverbindung mit mindestens zwei 
kationisch reaktiven Gruppen im.Molekul oder Gemische davon umfasst. 

Zusammensetzung nach Anspmchen 1 bis 4, worin Komponente a1) zwischen 3 und 90%, vorzugsweise minde- 
stens 15 Gewichtsprozent von Komponente a2), betragt. 

Russlge Harzzusammensetzung, umfassend 

(a) 55-90 Gewichtsprozent von mindestens einer festen oder flussigen, durch aktinische Strahiung hartbaren 
und kationisch polymerisierbaren organischen Substanz, worin Komponente (a) umfasst 

a1) mindestens einen Glycidyiether eines mehrwertigen aliphatischen, alicyciischen oder aromatischen 
Alkohois mit mindestens drei Epoxygruppen mit einem Epoxyaquivalentgewicht zwischen 90 und 800 g/ 
Aquivalent und 

a3) mindestens einen festen oderflQsslgen Epoxycresolnovolak oder Epoxyphenolnovolak mit einem Epo- 
xyaquivalentgewicht zwischen 130 und 350 mit mindestens zwei fiinktlonellen Gruppen, oder Gemische 
davon, 

(b) 0,05 bis 12 Gewichtsprozent eines fur aktinische Strahiung empfindlichen Starters zur kationischen Poly- 
merisation; 

(c) 4 bis 35 Gewichtsprozent einer durch aktinische Strahiung hartbaren und radikaiisch polymerisierbaren 
organischen Substanz; 

(d) 0,02 bis 10 Gewichtsprozent eines fur aktinische Strahiung empfindlichen Starters zur radikalischen Po- 
lymerisation und 

(e) gegebenenfalis bis zu 40 Gewichtsprozent von mindestens einem festen oder flOsslgen, kationischen, 
reaktiven Modifizierungsmittel-Flexibilisator, 

wobei die Gesamtsumme von Komponenten (a) bis (e) 100 Gewichtsprozent ist. 

Zusammensetzung nach Anspruch 6, worin Komponente (a) zwischen 2 und 50 Gewichtsprozent Komponente 
a3) umfasst. 

Zusammensetzung nach Anspruchen 6 bis 7. worin Komponente (a) weiterhin nicht mehr als 20 Gewichtsprozent 
von mindestens einer flussigen oder festen Vinyietherverbindung mit mindestens zwei kationisch reaktiven Grup- 
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a2) au moins un 6poxyde allcyclique solide ou llquide ayant un polds equivalent d'epoxy compris entre 
80 at 330 ayant au moins deux groupes dpoxy avec une puretd de monom6re d*au moins environ 80 % 
en poids, ou des melanges de tels dpoxydes, 

(b) 0,05 ^ 12 % en poids d'un Initiateur de polymerisation catlonlque sensible h un rayonnement actlnique ; 

(c) 4 d 35 % en. polds d*une substance organlque durcissable par irradiation actinique et polymerisabie par 
vole radicialaire ; 

(d) 0,02 6 10 % en poids d'un initiateur de polymerisation radicalaire sensible d un rayonnement actinique ; et 

(e) facultativement jusqu'd 40 % en poids d'au moins un modificateur-assouplisseur r^actif cationique, solide 
ou liquide, 

le total des composants (a) d (e) §tant de 100 pour cent en poids. 

2. Composition selon la revendlcation 1, dans laquelle le composant (a) represente entre 20 et 75 % en poids. 

'3. Composition selon les revendications 1 et 2. dans laquelle le composant (a) comprend en outre un maximum de 
20 % en poids d*au moins un ether vinylique liquide ou solide ayant au moins deux groupes cationiquement reactifs 
dans lamolecule ou un ether mono(poly)v!nylique hydroxyl6, ou des melanges d'ehtre eux. 

4. Composition selon les revendications 1^3. dans laquelle le composant (a) comprend en outre au moins une 
novolaque 6poxy-K:r6sol, une novolaque epoxy-phenbl, un ox6tanne ou un spiro-ortho-ester ayant au moins deux 
groupes cationiquement react'fs dans la molecule, liquide ou solide, ou des melanges d*entre eux. 

5. Composition selon les revendications 1 d 4, dans laquelle le composant a1) represente 3 d 90 %, de preference 
au moins 15 %, en poids du composant a2). 

6. Composition de resine liquide comprenant 

(a) 55 d 90 % en poids d*au moins une substance organique solide ou liquide, durcissable par Irradiation 
actinique et cationiquement polymerisabie, le composant (a) comprenant 

a1) au moins un ether glyddylique d'un polyol ailphatique, allcyclique ou aromatique ayant au moins trois 
groupes epoxy avec un polds equivalent d'epoxy compris entre 90 et 800 g/equlvalent et 
aS) au moins une novolaque epoxy-K^'esol ou novolaque epoxy-phenol solide ou liquide avec un poids 
equivalent d'epoxy compris entre 1 30 et 350, ayant au moins deux groupes fondionnels, ou des melanges 
de telles novolaques, 

(b) 0,05 e 12 % en poids d'un initiateur de polymerisation cationique sensible e un rayonnement actinique ; 

(c) 4 e 35 % en poids d'une substance organique durcissable par irradiation actinique et polymerisabie voie 
radicalaire ; . 

(d) 0,02 d 10 % en poids d'un initiateur de polymerisation radicalaire sensible a un rayonnement actinique ; et 

(e) facultativement jusqu'd 40 % en poids d'au moins un modificateur-assouplisseur reactif cationique, solide 
ou liquide, 

le total des composants (a) k (e) etant de 100 pour cent en poids. 

7. Composition selon la revendlcation 6, dans laquelle te composant (a) comprend 2 d 50 % en poids du composant 
a3). 

8. Composition selon les revendications 6 et 7, dans laquelle le composant (a) comprend en outre un maximum de 
20 % en poids d'au moins un ether vinylique liquide ou solide ayant au moins deux groupes cationiquement reactifs 
dans la molecule ou un ether mono(poly)vinylique hydroxyie, ou des melanges d'entre eux. 

9. Composition selon les revendications 6^8, dans laquelle te composant (a) comprend en outre au moins un epoxy- 
de polyfonctionnel alicyclique, un oxetanne ou un spiro-ortho-ester ayant au moins deux groupes cationiquement 
reactifs dans la molecule, iiquide ou solide, ou des melanges d'entre eux. 

10. Composition selon les revendications 6.e 9, dans laquelle le composant a1) represente 3 e 90 %, de preference 
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au moins 15 % en poJds, du composant a3). 

1Z Composition selon les revendications 1 S 11. dans iaquelle la composition contient do plus : 

Z^' -vi^n 40 pour cent an poids d'au moins un modificateu«««,up.feseurrtoCf cationiquesolide ou 



